The purpose of this study was to gather information about analgesic drug therapy in patients with chronic pain and perform cost estimates to guide future cost-effectiveness research in the area. Methods: Data from patients aged 44 years and over suffering from any chronic condition and receiving regular analgesic drug therapy (for $6 months) who attended health care facilities within the area of Badalona during 2008 were collected in a retrospective study. Morbidity profiles were defined according to treatment setting (pain unit, hospital), World Health Organization analgesic step (1-2 versus 3), and a raw cost model based on resource use and work absenteeism was applied. Patients attending the pain unit or the hospital were considered undertreated if they were on step 1-2 analgesics. Multiple regression was used to compare costs between undertreated and non-undertreated patients among those attending the pain unit or the hospital. Results: Only 410 of 18,157 patients ascertained (2.3%) were on step 3 analgesics. Their direct costs were greater than those of patients on step 1-2 analgesics, although the opposite was true regarding indirect costs. Of patients seen in the pain unit and in the hospital, 2.3% and 20.1%, respectively, were considered undertreated. Regression analyses revealed even greater costs in the subgroup of undertreated patients.
Introduction
According to the International Association of the Study of Pain, pain can be defined as a disagreeable sensorial and emotional sensation associated with real or potential tissue damage. 1 Its duration can be classified as acute or chronic, although it is sometimes difficult to distinguish between the two in clinical practice, because pain often has an oscillating presentation, sometimes with pain-free periods. 2 Acute pain is of short duration, often has an identifiable cause, and responds well to analgesics. In contrast, chronic pain is often independent of the original cause, is usually more difficult to treat, and can itself be considered as an illness. Chronic pain is a public health problem worldwide. [3] [4] [5] Pain is a multidimensional problem influenced by biological, psychological, and social factors. Chronic pain will become more prevalent in the future, owing to increased life expectancy. Currently, the prevalence of chronic pain ranges from 10.1% to 55.2%, depending on the population studied and the study design, although current evidence suggests that approximately 20% of the adult population (aged over 18 years) in developing countries suffers from chronic pain. [6] [7] [8] [9] [10] Chronic pain can be considered as the third most important health problem in our setting, after cardiovascular disease and cancer, and has important economic repercussions, not only associated with medical, surgical and pharmaceutical costs, but also with work absenteeism, disability, and diminished quality of life. [11] [12] [13] The World Health Organization analgesic ladder, based on the severity of pain (step 1, mild pain; step 2, moderate pain; and step 3, intense pain), reserves treatment with opiates for moderate-severe pain. [14] [15] [16] This therapeutic approach has been shown to be very effective in treating cancer pain. However, the use of opiates for noncancer pain is controversial, because of concerns about their efficacy and safety, and the possibility of addiction. 17, 18 There is some evidence to suggest that chronic pain tends to go undertreated. Important contributing factors include: insufficient information about pain physiology; low sensitivity and specificity of the diagnosis; a lack of treatment guidelines reached by consensus; poor understanding of the medicinal products used, mainly of their mechanisms of action; reluctance to use certain pharmacological agents (especially opiates); and/or concern about the development of side effects, interactions, tolerance, or addiction (safety of the medication). 19, 20 In the light of this situation, more controlled clinical trials are required to establish a role for opiate therapy in the treatment of chronic pain and to identify criteria that can be used to select patients and treatment algorithms. This study is considered to be of relevance, owing to the insufficient epidemiological studies in patients with chronic pain and of the associated costs (economic analyses). This article presents the results of a retrospective observational study that compiled systematic sociosanitary, clinical, and health care data related to pain treatment in patients with chronic illnesses in an urban area of Spain. The aim was to determine patterns of analgesic drug therapy in routine clinical practice, the resources used, and the associated costs, with the aim of guiding future studies of cost-effectiveness and determining cost-related factors in the Spanish population with chronic pain.
Materials and methods

Design and study population
A retrospective multicenter study was carried out by examining the medical records (computer databases) of patients followed in an outpatient setting and in hospital. The study population comprised patients from six primary care centers, ie, Apenins-Montigala, Morera-Pomar, Montgat-Tiana, Nova Lloreda, La Riera, and Marti-Julia, managed by Badalona Serveis Assistencials SA. Information was obtained about the resources available in the two reference hospitals, ie, Hospital Municipal de Badalona and Hospital Germans Trías i Pujol (specialist care). The patients assigned to these centers mainly come from urban areas, have middle-low economic status, and mostly work in industry.
Inclusion and exclusion criteria
All patients attending the center for health care between January and December 2008 were recruited into the study if they presented with the following characteristics: age 45 years or older; diagnosed with an illness that had produced chronic pain for at least 6 months before the start of the study; inclusion in the program to receive chronic medical prescriptions (with records of the daily dose, time interval, and duration of each treatment administered); and use of more than five boxes of analgesics during the study period. Patients were excluded if they had been referred to other primary care centers, had died, or moved out of the area.
Study groups in relation to use of analgesic medications
Data about medicinal analgesic products were obtained from prescriptions of dispensed products collected from the pharmacies, according to the procedure for monitoring pharmaceutical prescriptions of CatSalut. Patients were selected if they regularly used nonopiate analgesics, nonsteroidal antiinflammatory drugs, or weak or strong opiates according to the Anatomical Therapeutic Chemical classification system. 21 Finally, two study groups were established according to the World Health Organization analgesic ladder, ie, patients in step 1-2 (taking nonopiates and weak opiates), and patients in step 3 (treated with strong opiates). Details of the active ingredients of the drugs taken are shown in Table 1 .
Sociodemographic and comorbidity data
The main study variables were: age (continuous and by intervals) and gender, and the patient's personal background obtained from the CIAP-2 22 component 7 of illness and health problems: arterial hypertension (K86, K87), diabetes mellitus (T89, T90), dyslipidemia (T93), obesity (T82), smoking (P17), alcoholism (P15, P16), all types of organ failure (cardiac, hepatic and renal), ischemic heart disease (K74, K76, K75), stroke (K90, K91, K93), chronic obstructive pulmonary disease (R95, chronic airway obstruction), bronchial asthma (R96), dementia or memory disorders (P70, P20), neurological diseases [Parkinson's disease (N87), epilepsy (N88), multiple sclerosis (N86) submit your manuscript | www.dovepress.com
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and other neurological diseases (N99)]; and depressive syndrome (P76).
As a variable of general comorbidity for each patient attended in primary care, the Charlson Comorbidity Index 23 was used to give an approximation of the severity of the patient's condition, as well as the individual casuistic index, obtained from the adjusted clinical groups (ACG), and used to classify patients according to case-mix resource uti lization. Mapping of the Clinical Information Access Portal was carried out according to international disease classification (ICD-9-CM). This was done by a working group comprising five experts (a documentalist, two clinicians, and two technical advisers). Different criteria were followed depending on whether no relationship (of one to none), a univocal relationship (of one to one), or a multiple relationship (from one to several) was established among the codes. The Grouper ACG ® case-mix system algorithm comprises a series of consecutive steps to obtain 106 mutually exclusive ACG groups, one for each patient. 24, 25 The ACG procedure provides resource utilization bands, such that each patient can be grouped in relation to their overall comorbidity into one of five mutually exclusive categories, ie, healthy users or ones with a very low morbidity, low morbidity, moderate morbidity, high morbidity, and very high morbidity.
Major morbidity categories
Following the recommendations of the Spanish Pain Association (Sociedad Española del Dolor), patients were classified into four specific groups or categories: malignant neoplasms (this includes any type of malignant or suspected neoplasm); neuropathic pain (direct lesion of the nervous system, including painful mononeuropathies [posttraumatic, compressed nerve or radicular neuralgias], painful polyneuropathies, neuropathic pain by deafferentiation [eg, postherpetic neuralgia, amputation-induced neuromas, phantom limbs], and complex regional pain syndrome); musculoskeletal alterations (produced by dysfunction or pathology of components of the musculoskeletal system, including arthropathies [degenerative, inflammatory, crystalline deposits], alteration of soft tissues, bone diseases, and connective tissue disorders); and other chronic alterations. One patient could be included in several of these categories at the same time.
Estimation of efficacy
Given that there are no direct measures of efficacy, efficacy was estimated by considering five indicator measures, ie, treatment in a pain unit, specific analgesic treatment administered in a hospital, mean number of analgesics (nonopiate) per patient, and mean number of days of hospital stay per patient. Moreover, the patients treated in a hospital or pain unit were considered to be undertreated if they fulfilled either of the first two criteria but were not on stage 3 analgesics. In spite of the fact that this is a speculative definition, the authors consider that, in the absence of direct measures of efficacy, it can be considered to be accurate, particularly taking into account that a recent epidemiological study in Spain on the treatment of chronic noncancer pain reported that more than 60% of patients were on step 3 analgesia (personal communication). In the present study, we would expect this proportion to be even higher, considering that we also included cancer patients.
Use of resources and models of costs
Direct health costs were considered to be those related to health care activity (eg, medical visits, days of hospital stay, emergencies, orders of diagnostic/therapeutic tests) and carried out by health care professionals. Non-health care-related or indirect costs were those related to lost work productivity (number of absentees and days of absenteeism). The design of the cost system was defined by taking into account the characteristics of the organizations and the degree of development of the information systems available. The product unit upon which the final calculation was based during the study period was the one the patient attended and the cost was expressed as mean cost per patient (cost/unit). The different study concepts and their economic analyses are shown in detail in Table 2 (corresponding to data from 2008). The different fees were obtained from analytical accountancy data from each center, except for the cost of medication and days of absenteeism. Medical prescriptions (acute, chronic, or on demand) were quantified according to the recommended retail price per box at the time of prescription. Days of absenteeism or loss of productivity were considered as non-health care (indirect) costs. The cost was quantified in relation to the minimum interprofessional salary (sourced from Instituto Nacional de Estadística [INE] ). In accordance with Spanish recommendations, the study protocol was approved by the Committee of Ethics of Clinical Research of the Foundation Gol and Gurina. All patients gave consent for their data to be used.
Confidentiality of data and statistical analysis
As a previous step to the analysis, especially before studying the information source corresponding to patients' computerized clinical records, the data were carefully checked, observing their frequency distributions and possible errors in their recording or encoding. 26 by a multiple linear regression analysis (using a stepwise procedure, covariates of age and gender, and Charlson Comorbidity Index). A logistic regression was carried out to determine the association between comorbidities and use of strong opiates (enter procedure and Wald statistics). SPSSWIN software (v 17; SPSS Inc, Chicago, IL) was used to establish statistical significance at P , 0.05.
Results
From an initial selection of 45,929 individuals aged over 44 years assigned to and regularly attending six centers, a total of 18,157 patients were selected. The estimated prevalence of patients taking regular treatment for chronic pain was 39.5% (95% CI: 39.1-39.9). By study group, 17,747 (97.7%) patients were in step 1-2 of treatment and 410 (2.3%) in step 3 (P , 0.001). The mean age of the patients was 66.2 years and 63.7% were women. The proportion taking opiate analgesia was 24.4% (n = 4427, 95% CI: 23.8-25.0). Table 3 shows the general characteristics of the series, the associated comorbidities, and measures associated with the ef ficacy in relation to treatment type. The s ubjects treated with step 3 analgesia were of a higher mean age (70.5 years versus 66.1 years; P , 0.001), and a larger proportion of these were women (74.9% versus 63.4%; P , 0.001). These subjects presented a greater overall comorbidity in episodes/patient (10.6 versus 7.6; P , 0.001) and Charlson index (1.3 versus 0.7; P , 0.001).
In the corrected regression model, patients in step 3 presented a greater similarity in relation to cardiovascular events, odds ratio (OR): 1.9 (95% CI: 1. The association between efficacy of treatment in the major diagnostic categories and study groups (analgesic treatment) is shown in Table 4 . It is noteworthy that, using these indicators, on average 2.3% and 20.1% of patients did not receive adequate analgesia (undertreated) with step 1-2 analgesics when referred to the pain unit or admitted to hospital, respectively. Table 5 shows the cost model (average/unit) of the series studied in the different analgesic steps. Patients taking step 3 analgesics required more resources, as recorded on the prescriptions for analgesics and greater direct health care costs. However, the indirect costs were lower in these patients. The total cost of health care in these patients amounted to EUR 50.1 million, of which 89.9% corresponded to direct health care costs and 10.1% to indirect health care costs.
The av erage/unit of total costs (health-related, non-healthrelated) in subjects on step 3 of the analgesic ladder was €5764.1 versus €2686.9 (P , 0.001).
Multiple linear regression models adjusted for patients treated in the pain unit and in the hospital are shown in Table 6 . Undertreatment was associated with an increase in total costs compared with patients on step 3 treatment. However, owing to the minimal contribution of the variables included in the adjusted analyses to the total variables, the increase in costs could have other causes not recorded here, such as the more complicated clinical conditions.
Discussion
In spite of the abundant information available on chronic pain, there are very few studies relating morbidity profiles to the treatments and resources utilized and the associated costs. This circumstance, together with the systematization of the database studied, makes this research of conceptual interest. The results suggest that step 3 analgesia is rarely used, and this is associated with an increase in direct costs. Nonetheless, without an appropriate standardization of the methodologies in relation to the patients' characteristics, and the number and measurement of the variables studied, the results obtained must be interpreted carefully and their external validity must be considered with caution. 27 An important contribution of this work was adjustment of morbidity on the basis of a casemix resource utilization such as ACG. 24, 25 The general results of our study show a prevalence of patients receiving regular treatment for chronic pain of around 39.5%, with a utilization of opiates in 24.4%. In spite of the variability among the studies reviewed, these percentages are slightly higher than those reported in studies of the general population. [6] [7] [8] [9] This could be due to the fact that the patients studied in this work were aged over 44 years, and also due to the inclusion of patients with cancer pain. Nevertheless, the association of chronic pain with a larger proportion of osteoarticular problems (especially in the elderly, who have greater comorbidity), female gender, and mental illness, is similar to findings published previously. 5, 6 Regarding the analgesic regime in these patients, there appears to be an underutilization of step 3 analgesics, suggesting that many patients could be undertreated. There is also a clear underuse of opiates in most of the studies reviewed. 16, 17 Even doctors experienced at treating chronic pain show a reluctance to use opiates to treat severe noncancer pain. Our findings agree with those of Nicholson et al who suggest a need for doctors to receive better training in the use of opiates for analgesia. 29 Inadequate pain relief can have important Table 4 Relationship between efficacy (pain unit, hospital treatment) and major diagnostic categories relative to the study groups (analgesic treatment) Step type 1-2 (n, %) Step type 3 (n, %) Cancer pain 6 (7. Hospital treatment n = 3322 n = 14,889
Step type 1-2 (n, %) Since there is no direct measure of efficacy available, a patient was considered to be undertreated in a pain unit and/or when receiving analgesic treatment in a hospital if they did not receive any step 3 analgesics. This corresponded to 20.1% of patients in our study, and only 2.3% received strong opiates. It is difficult to draw comparisons with our results, although the use of strong opiates is similar to that described in the literature. A review by Galvez 30 describes how only 5% of patients in Europe received treatment with strong opiates, although there was some variability among countries. These percentages were higher (11%-13%) in Ireland, the UK, and Denmark, whereas this was only 1% in Spain. Nonetheless, we must take into consideration that the use of opiates to treat chronic noncancer pain has not been well established, because there are still only a few systematic reviews and meta-analyses for this type of long-term pain. [30] [31] [32] [33] In clinical practice, treatment with opiates is conditioned by ethical, cultural, and legal considerations, because it can produce tolerance, adverse reactions, and physical dependence, leading to abstinence syndrome. 19 However, effective treatment of pain and the control of side effects is an attainable goal in most patients with chronic pain. Latest reports support effective analgesia, especially in severe pain, where opiates play a more prominent role, particularly with controlled-release formulations of morphine, oxycodone, and transdermal patches of fentanyl and buprenorphine, which have less pronounced side effects. 30 Patient response to these drugs may be variable, so treatment should be personalized. The mechanisms involved in irregular analgesic response and the appearance of side effects are not well known. Recently, a set of guidelines has been devised with the purpose of optimizing analgesic treatment with opiates. Briefly, these recommend adjusting the analgesic treatment to the intensity of pain, using the most appropriate route of administration for each patient, and monitoring the patient and dose with regular check-ups. 30, 34 In the regression model, it is important to note that in routine clinical practice "undertreatment" was ass ociated with costs even greater than in patients on step 3 of t reatment. This could possibly be due to a selection bias, because the patients attended/selected who were being treated in the pain unit and/or hospital could, in general, present with more clinical complications than the others, and higher costs may be due largely to greater morbidity or severity. Nonetheless, since this comparison was made in the subgroup of patients treated in the pain unit or hospital, and, by definition, undertreated patients received step 3 analgesics (that have higher direct costs than the rest of the sample), this would suggest that the higher costs in the present study correspond to undertreated patients. A more appropriate, or better, treatment of these patients could reduce costs because an improvement in pain intensity, quality of life, or functionality would result directly in less use of health care resources. 12, 34, 35 Possible limitations of this study lie in its limited geographical distribution, categorization of the disease (chronic pain), a possible bias in the classification of patients (analgesic step) and, especially, the lack of any direct measures of efficacy in the information system developed. Chronic pain conditions will most often possess many overlapping features between neuropathic, nociceptive, and even cancer pain syndromes. Categorizing chronic pain into distinct groupings may meet administrative requirements, but may not be functional in clinical practice. In addition, the World Health Organization ladder is based on subjective evaluation and a physician's clinical trial for the treatment of individual patients, so that could be considered by itself as a slightly objective parameter to assess the intensity of pain. In this study, we considered the World Health Organization analgesic ladder as a single indicator or isolated under treatment, as has always been taken into account in the quantitative administration of various drugs with the use of the expertise of pain. Therefore, this article reflects the limitations of the retrospective studies themselves; including an underrecording of the illness, its duration in time, or the possible doses of medication prescribed. Moreover, the variables that probably make an important contribution to establishing the costs present a clear dispersion among the regression models studied. In spite of these limitations, the results presented in this study still reflect a good approach to the pattern of use of analgesics in chronic pain. Future research must focus on cost/efficacy studies, for which direct measures of efficacy are required, and more controlled clinical trials to establish the role of opiate treatment in chronic pain of noncancer origin.
Conclusion
The results of this study indicate that step 3 analgesics are underused, since up to a fifth of patients may be undertreated and present greater associated direct costs. However, regression analysis did not identify the proportion of excess cost that was attributable to undertreatment.
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